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lliiii Is a final loport on w»*rk portoimnl uiulrr NASA c»*ntract 
NAS ‘I-1.AH3I mtitli'tl "i'ai th Ohnorvat ions aiul l’lu>to>;raph\ on fl>o 
Apol lo-.Soyur Tost rroJt*ct". 

lln* AS'IT 1‘arth Obnervat ions aiul I'hoto^i.iphy I xpcrlkinit was 
very Miccessl'ul ami th«* ilata analysis phasi* was compintml as plannml 
on .Ml .hint* 1978 . 

Research relat«nl to this experiment resulted In the foMowin>; 
key rep»>rts, copies of which are attachetl; 

1. "Astronaut Ohserv.it l*>ns from the Apollo»Soyur Mission", 

Smithsonian Stiulles in Air ami Space, Numher I, l‘>77, 

•100 p. 

This document represents a summary of tasks performetl on 
the experiments as per the ct'iit r.ict, incimliny,: (a) select U>n 

of sites ami problems for observ.it ion ami photoyraphv; 

(b) tralniny *>f the Apollo astronauts in tlie classro«'ins ami 
via flyovers: (c) planniny the observ.it Ion ami photoyraphy 
tasks within the framework of the ASI'P fliyht plan; (»l) selection 
ami ilennltlnn of reipilretl i>nbo ml prmhict*. in .support of the 
«'\Merlment‘ anvl («') real rime sclem’o -uipport of th*’ nlssii>n, 

2 . " flu' of l»«>sert i!oUtr in l .irth OHmI.iI l’h«*t oyr.iphs" . 

l*hott*i>r I ic rnylneeriu!* an I Remoti' *',.nsimj, vol it. m* I, 
lO’S, pp. (Cl 

Iliis p.iper pi'esentcil an import. int CiUit ribut ion to pluMointerpret.it ii*n 
of fartii'ori*! tal coKm' pluMoyiaphs. It confirmed that the ce'or 
of Oeserts in these photoyr.iphs is indicative »M c»*mpos i t i on . 
Ihereiore, tliey c.in be used t»> map various soil . ami cl.isslly 
terrain types. 
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A, "Apollo Soyoi To«f l•|oj»•^•l StuiMkii'v Sflonco Krporl . Volume 
II. liirth Ot«Horviit tiiul l*hoto|{r.iphy". NASA SI* 41^ (in 

pro»H| , 

'HiIh (Kk- link'll t Ih i'OMipotot* itt 4S liulivUlu.il ro|*ortx tli.il 
writ’ tlol ivi*iVkl to tho .ISC. I’lilil iiMt loii% Ot livo kliiriiix llu* 
poriokl of IVi'(*rabi*r to .luiio I^I7H. A total itf ID of llio’ko 
roptirtn torri' propaiotl t«v tho I’rliu i|uil liivont l^al oi aiul hU 
ntatf at tho .Smlthnoni.ui liint 1 1 lit (on. Tho loin.i intni; .'i< loporls 
woro prop.iroil l*v liivont lx.itor<» from covornmont a>joiu*io<*, 
i‘o>o<irvh oi'it.iniiat (out wiul lU'dilomii' iii!«l it iit (oni in iho II. S, 
iiiul .ihroukl. AttiU'hmont A provUlos a Humm.iiy of all roporin 
aiul iiu'ltkio* a IlHtiiiit of tho iiul lvikhi.il p.iporn at tho oiul. 

Kith tho t orm in.it ion of thii pikiiovt it inuhI ho slatokl that it wan a 
vory uoi'thwhllo projk'Ct tli.it initiatk'kl min'li lntk*roNl an.oii)( l.irth hkiontl'ktH 
on an intornat lon.il lovol. 

Hio I'Okkporat lk»n that tho I’riiu'ip.i* Invoit i>*ator ami tho 4.’ Co-lnvost li'ator'k 
roioivokl from NASA in vory miii'h appror iat Okl. Hi in spirit of ho Ip ami 
i'ooporat ik>n liom NASA porskknnol m.ulo |*kkHstl*lo iho visihlo sm’koss of i ho 
ovporiinont ami its klata analysis. 
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INTKOIHICTION 


DurliiK til** Apollo-Soyii* T**Ht Project (ASTP) of July 197b, twenty 
eight Hepurate science and technology experiments were conducted by the 
Apollo crew. One of these, the Karth Observations and Photography 
Pxperliwnt, is the subject of this volume. The basic objective of the 
experiment was to utilize the special capabilities of trained observers 
(namely the three American astronauts) in visually studying and photo* 
graphing specific Farth features, processes, and phenomena. Areas were 
selected for visual observations and photography on the basis of their 
Interest to specialists in the fields of geology, desert studies, ocean- 
ography, hydrology, and meteorology. 

The success of the experiment is reflected in the plethora of excel- 
lepc photographic and observational data acquired during ASTP. These 
data, which include transcripts of astronaut observations and transparen- 
cies of more than 1400 /O-iran photographs, were made available to the 
experiment team and other interested scientists. The reports included 
in this volume are the result of an extensive data analysis program that 
drew investigators from government agencies, academic Institutions, and 
risearrh organl^.at ions in Australia, Ilarh.*dos, Pra/ll, 0an.<d.i, Egypt, 
Israel, ()atar, Turkey, anil the I’nlteil States. 

In the last ten years, scientists h.ave become increasingly Involved 
in monitoring Karth resources and In studying the processes and phenomena 
that affect the environment. Earth-looking crbital pliotographs have 
become Important tools In such iuves*t Igat ions. Tlieir great areal cover- 
age facilitates studies of regional relationships and of broad dlstri- 
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hiitltMiM. Orhit.ll phtO oKr.i|>hM alno prov(«tt* infoinwtt ion on roRKtiv, tn.un’OMM'' 
ihlo, mul unoxplori'tl mi'imn iImI t*<in ho umoiI lor iootM\n.iiHr«,iiU'o NuivoyM. 

To oom|»lonH*nt tho photoxt.iphic tl.it.i, v1hu.iI ohnorvut lonn from Krtrfh 
oihtt nro import.int hooauHr hiim.iu ohnoivorH onn oMon koo m*iro rotor hiuI 
toKtiiral V. irl.it louH than will hr roronloil on tho rooNt HonMitlvr photo- 
ttr.iphic film. Thin oapahltlty in rolatotl to thr oxtoiuitvr ilvn.imic r.inur 
aiul color MouHitlvltv .>t tho ovo aiul to tho Hpooo with which tho oyr'hr.iln 
H>Htom can intorprrt wh.it tH Horn aiul «l(Ht inttnlMh what (h m i|tn If leant . 
Mkiroovor, onr of tho Inlioront aiivanta>trH of v1hii.iI ohsrrvatloiiH 1m con- 
cornoil with tho ophomoial iiaturo ot many hc ioiit if Icatly IntoroHtlng 
fo.ituvoH Hiich HH intornal wavon, which aro only vIkIMo in HiiiiKlint for 
A very Hhort porlo.l of t Imt*. I'nt Iko iinnvinnotl Hatollili'H, tralnotl human 
ohHovxrrH can oanlly loc.ito, iilontlfy, doHcrlhi*, and pl.oto^raph hiicIi 
"tarp.olH of opportiin it y , l.irnolv hocaiiHo ihov can exploit v.ii Ioiih donrorn 
of ohl i>|iionoHH .‘ind Siin-olovat Ion aiijitloH to hc.’Iii tho hcimio holow. 

Tho Hchodiilo for Faith Ohnorvar ions and I’hot o»»raphv diirin>t ASTI’ 
c.illod for throo typon of taskn: (I) visn.il ohsorvat ionn of noloctod 
Farfh foatiiron; (21 handhol»l-c.imora phofojiraphv to doenmont ohnorvat ionn; 
an.l (H ..if.'r.'o n.ippin.^ plu’t .i^r.iphv (»t ii.vii o! hU’iiI f Ic int Mct.Mifltlc 
intoioHt. To insiiro tho HiiccoHstiil corn»lorton ot t Iioho t.iHka, .in oxton- 
hIvo tr.iiiiiiix pronr.im cons tat ln*t *of classroom lcctiiri*s an.l atreratt 
flvovois was initiatod ono vo.ir hotoro tho inisslon. 

Tho ASTI’ crowi.iomhors spoilt approxlm.it i* I v Ml hours attondinx lo.'turos 

doHluno.l to famillarlxo thorn with tho tvpos of Faith foatiiros t hov would 

» • 

ohsoi VO and phot ograph . TIh ho loctiiros woio p,ivon hv momhorn ot tho Farth 
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oltM^rv.il torn* '*1 t*K)*rrtM to hhmInI In thi> plnimtitR 

rtiul okofut lou of iho oxpor (iMMit . I'lnHurt'orn looluroN pitwldisi lh« Nwtro* 
luuiN witli It.ii'WHrotiiul tutormnl Ion on llu* KinU* I IoIiIh of invi>Nl ton 
(K>'olo)tv, tloNOit Mtiullc‘M, Oi'<*4no|ti nphv, hV(tiolo>\v, aiul mot oorolo|tv ) aiuI 
I ami I t.ir I aoii thorn with tho fii‘ 0 |traphy of nroan Hohoilulotl for ohnorvat tonn 
aiul photoKraphv. 

% 

Tho nlroralt training fHithlM, kn«'vn an flv»*v«Mi*, pavo I ho orow- 
momhorn practloal oxporlonoo In ohnoivlnn, ilonor Ihinjt, ami phot oxtaphinit 
Karth foaluroH. Tho antronautH woio al«o ,*hlo to praotloo oporatlonal 
piOi'OiUitoM HiK'h an haiullluit oamoraN, tonaoM, film m.iga«lnoH, an I tho 
t apo looorklor. Sovon kllfforont 1‘lvovor o\om*lsoH wore plannoil aiul t'loMn: 

Houston to los An^olos, I'al I t'ornla , Hull' I'oast , I’lorKla, l ast t'oast , 

Si>uthwostom UnltOkl Status, ami Northwostt*rn llnltOkl Status, lor uach of 
thuso flyovurs, a \lsual ohsurvat u*ns luvk showin>; Ihu l linht riuitu ami tho 
t argots for ohsurvat iou aiul phot «*graphv , wan «Iun I gnuil, I'husu flyovor uxuroisos 
gavu tho ASIT oruw valuaMu praot Iou in suluotlng tho optimum viuwing ooiulttlons 
for spoolflo fuaturus. Tor u\am|»lu, thuy f»uiiul that high Sun anglus woro host 
for ohsurving suhflu color varlatlk'ns such as tiu'su marking plankton Mo«'ms 
In tho kViMu, on tho »*thur huul. li>*» Sun angles unh uu'u,l ruliof uul t «oil\ratu*l 
ohsurx at ions of faults auil fraoturus. 

Uuoausu of thu short »lurat l*ui of the VSTI’ mission r> klivsi, onlv a * 

« 

limituti ank'unt of t iinu **as av.i i I ahl u .for thu larth I'hsurvat ions ami Photography 
I vporimunt , aiul u.ioh targut luul !»' I»u spoolfluil ahu.ul ot t imo aiul sohu*lulu»l 

in thu ASIP Plight Plan, Thu suluot ion of targuts huforu tho mission involvuil 

» • 

a luimhur of oonsiilorat ions inolmling rue ommomlat ions from mumhors of thu 
larth ohsurvat ions luam; thu t Imt's availahiu In thu Plight Plan for thu 


experiment niul the luc.tt Ion* olnreas that wouhl be overflown by the 
xpaceoraft ihirInK thene tlme»; mu! the optimum vlowlit); coiulttlonn for 
each target. 

The final site list comi>rlseil eleven photographic mapping passes 
ami sixty vlsiul observation targets. I1»e term "m.ipplng pass" refers 
to vertical stereo strip photography act|ulred with a 70*in« bracket •mount eil 
llasselbtad data camera (IIIHl) that used either a (>0 or 100 mm lens. 11u* 

MIK’. was etpilpped with an Intervalometer that triggered the camera shutter 
every 10 seconds for the OO-mm lens and every 0.2S seconds for the lOO-mra 
lens In order to provide oO percent overlap between successive frames. 

'Iliese photographs could be studied stereoscopical ly, which provided a 
three*dlmenslun«l view and created the illusion of depth. In addition, 
the vertical photographs allowetl the study of large-scale landforms and 
the preparation and correction of base maps. 

Visual observation targets were photogr.iphed with a handheld 70-mm 
llasselblad reflex camera IIIRI*) and a 3S-mm Nikon camera. The IIRI’ used 
a Sd or 250 mm lens and was equipped with a single lens reflex mechanism that 
allowed the astronaut to precisely aim the camera at the target. The .VS-mm 
Nikon camera also Incorporated reflex viewing in .uMition to through-the-lens 
light ’neterlng .itui a nt^torije*! film ailvince. I'he oblii|ue photogriphs 
obtainetl with these cameras presented a perspective view !m»re readily 
uiulerstoiul than a vertical view aiul were e\trem«*ly useful for documenting 
visual observations and targets of Opportunity. 

In addition to the photographic equipment, the experiment flight 
package includeil visual observat ions ahls designed to assist ,tjie astronauts 
in making the Pest use of the I'light Plan time allotted to the experiment. 
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Tht'sc aids consisted of the furth Observations HtMik, the World M.ip 
I'ackaKe, a colcr wheel, a nronn*' scale, niul an enlurKlnK telescope. 

Our Inn the ASTI’ mission, members of the harth observations team 
provided technical support at the Mission Control Center In lk>iiston. 

This realtime supjwrt was necessary to ensure that any quest loiis asked 
by the astronauts could be answered Immediately; to monitor weather conditions 
so that cloiuUcovered targets could be rescheduled; and to relay Information 
on short-lived phenomena such as volcanic explosions, hurricanes, or outbreaks 
of reJ tide. The science siippi)rt team also monitored nuim*rous uround 
Invest iKat Ions conducted in sup|Kirt of the experiment and exchan){ed data 
between the astronauts and the research parties. Concurrent aircraft fllKhls, 
land Invest iRat Ions and ocean surveys In many parts of the world were part 
of the largest grouiul-t rut li collection program conducted in support of any 
m.>nned space mission. The data supplied by these surveys were used In the 
post-mission analyses of ASTI’ observations ..nd photography. 

After the mission, the crewmembers attended debriefings to review 
the operational and scientific aspects of the experiment. These debriefings 
allowed the experiment team to more fully discuss the observations made by 
the astronauts. Tr.uiscrlpts of these debriefings were made available to 
tlie team members .ind were used in the ASTI’ ilata .inalysi?,. 

.SICNIHlC/VVr KISIII.T.S 

In the following paragraphs, a sunmuiry is given of the signific.int 
results of the ASTI’ data analysis. The discussion is structured according 

to the fields of investigation Including geology, desert sttidies, oceanography, 

» .* 

hydrology, and meteorology. 
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Geo logy 

In this volume, gcolo)(lcal investigations can be grouped into 
two categories (1) regional tectonic studies and (2) volcanic features 
and astrohlemes. The majority of regional tectonic studies were concerned 
with identifying and mapping fault, fro':ture, and fold patterns as well 
as lithologic features. Other investigations pertained to the detection 
and identification of circular ground patterns that might be vulcanic 
features or astrohlemes (ancient mcteori te- Impact scars). 

On AS1T, studies of global tectonic patterns included observations 
of southern California, the Red Sea*Levant ine Rift zone, the Western Desert 
of Egypt, southern Spain, and South Australia. These photogeologicai 
investigations of regional tectonic settings profited by the 
extensive areal coverage of the ASTP data, which made it easy to trace 
large-scale fault and fold patterns and to perceive structural relationships. 
In addition, the color sensitivity and good resolution of the photographic 
film often allowed interpreters to make gross lithologic discriminations 
on the basis of subtle color and textural variations. Some of the most 
useful products of these investigations were geologic maps that presented 
all the pertinent derails recognized ami identified on the photographs and, 
in many cases, checked in the field. 

Ihe complex geology of the sojithwestem United States is, in part, thtjy- 
result of differential movement occurring between large parts of the liarth's 
crust Known ns the Pacific and American plates. This area of crustal 
fracturing is generally character,! zed by a northwest-southeast structural 
grain. Dominating the region is the rerthwest-trending San Andreas Fault, 
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« tr^nHfonM fuult iilonK *<hlch Ic horiiontal M»*t ion tH'cur% ii» 

» ro!»al( of Hh«».»r th» ti*o I^ho itooloKV of tho i% 

fui'thrr IcrttcU hv thr Intofioct ion of 4n - 1 ronillng fmoturo 

lone, tohlch i» reflect«sl in southern Califomi* bv the Triin<*ver!ie R.in|(e'». 

A »«s)uence of ASIT iMppinit photonr;»ph^ h.-i« obt.ilne»l over the Snn 
Aiulrea* fmilt and the central Tnin«ver<(e K4n|te<» in <»outhei*n i*.it ifonti4. 

A nttuiv of the re«.iri.iMy clear ASTI’ phot ojirnphn facilitated the ident i f teat ion 
of n«inv Wnotait atnicture^ and piwuied in<>iKht4 into prevtoiiHiV unknoKn 
structural elements and patterns, htthtn and Ivundini; the San tUibrlel 
KVuHttains in the Transverse Ranises, a previously unreco)(nl ted pattern of 
east -uortheast >t rendini: lineaments and the lobate char.icter of the nKuintain 
fr\»nt were reco)tnited. These observations offer new perspectives to possible 
interi'retat tons of the San l>abriel Minintains, which huiv be a series of 
tectonically em{tlaced shin)tle\l slabs. 

tleolo^ical Invest ijt.it ions ot the Ke*l Sea-l ev.int me Rift tone on ASTT 
included observations and photojjraphv of the Afar I'epi-ession, the northvesteni 
tlulf of Suet, the l.evani me Rift, and southeastern hiiKev nort liwest ern Iran. 

livated at the Junction of the Red Sea, the ilulf of Aden, aiul the 
Tast African Kift systems, the Afar I'epression is a triple luncfion. an 
area of crustal separ.it ton and outwar.i •»preadm>i m three dirivtions. l.irlv 
in this conturv, jttstloit ist s first sprculatisl that the reiiurKaMv similar 
shapes of the opposiujt coasts of the Red .*^e.i and dull ot Aden mijjht indic.ifn 
that Africa and Arabia were once a sinjtle continental block befoi^e crustal 
separation occurred. Since that time, jtisvloj; ic.il , jteophvsical , and photo* 
Itraphic evidence have piw ided further sujiport for this hypothesis, Accoulinjj 
to im'dern plate tex'tonic theory, the northward t -ansl.it ion and counterclockwise 
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notation of the Arabian plate away from the Afar nprcailliiK center reAiilted 
in the openln)i of the Red Sea and the tlulf of Aden: left-lateral 
strike-slip faulting alonR the l.evantlne Rift; and the collision and 
subduct Ion of the Arabian crustal plate beneath the I'uraslan plate. 

(•eoy.rjphical ly , the Afar Pepresslon Is a triangular reRlon bouitJed 
on the west by the Fthloplan plateau, on the south by the Som.iIl plateau, 
and on the east and northeast by Red Sea and (Uilf of Aden. When the 
orl>:lnal jjeo^raphlc positions of Africa and Arabia before separation are 
reconstructed, the Afar rejjlon Is an area of overlap. Because of this, 
geologists generally agree that the Afar IVpresslon Is oceanic crust created 
since the breakup of the Afro-Arabian plate. For the iiK>st part, gei^loglc 
data support this Interpretation except for the anomiloiis occurrence of two 
old, non-volcanic massifs, the Pan.ikil Alps and the Aisha hills. 

t’aleomagnet ic data have shown that the Panakil massif Is a splinter 
of the F.thiopian plateau that has been rxUated into Afar by the opening of 
the Red Sea. However, the position of the Aisha hills, which extend northward 
from the Somali escaq^ment, cannot be as easily explained. ASIT nvipplng 
photographs taken over the Afar region were studied and used to support a 
new interpretation for the occurrence of the Aisha hills. This theory 
>tates that the hills hive "loved north-norrhe.istw i rd to their jiresent 
location by strike-slip movement along the Marda Fault rone, which stretches 
nxire ih.in ‘hh> km across tlie lloni of Africa. In this case, ihe ASTP 
photographs provided additional evidence to support a new model. 

Farther north, over the western coast of the tail f of Sue:, ASTP 

I 

photographs were studied in an inveit igatlon of regional stnictural patterns. 

# • 

Ncar-vort leal and oM iquo ASTP plu>ti>>^,raphs wero uHod to idontify faults; 
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l.andsat inages were used for plantmetrlc mapping; and aerial photographs 
were used to verify the mapped fault lines. The photographs showed that 
the area was charnctorizod hy a series of positive and negative fault blocks. 
On the ASTP photographs, three positive and two negative crustal blocks 
bounded by long UNF.-trending faults could be identified. These results 
supported the theory that vertical tectonics were responsible for the 
development of the fault pattern in the urea. 

The northern extension of the Red Sea Rift is known as the Levantine 
Rift, a complex fault system extending from the Gulf of Aqaba northward 
into Turkey. It is a zone of left- latcrlol strike-slip faulting marking 
a transform plate boundary between Africa and Arabia, 'fhe southern part 
of the fault zone is chari.jtorized by a linear rift along which t'.ie Pend 
Sea and Sea of Galilee lie. Both Skylab and ASTP photographs were available 
for this part of the fault zone. Taken with different Sun angles and look 
directions, they provided different types of information. It was found that 
vertical photogniphs were useful for synoptic, orthogonal mapping; low 
Sun-angle photographs emphasized subtle stnictural and topographic variations; 
and oblique photographs provided regional views of fault systems. 

Over the northern part of the Levant Ine Rift in Syria and Turkey, a 
vortical strip of ASTP mapping photographs produced a new structural inter- 
pretation that shows a splintering of the I.evantine Rift zone northward 

% 

t«)ward the Fast Anatolian Fault zone in Turkey, ihis pattern was observed 
during the flight by the Apollo crewmembers who described the northern part 
of the Levantine Rift as u fan-shaped complex composed of three major 
curvilinear fractures. ' 
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In TurVev anU northM^<tt«>m Iran, V<rr pht«tO||r.tph« 

rrvi».il«»U co«iplex <itnK'turc» tlut ar<* pn^baMv alao r«*lati*\l 
of tho Arabian platr ai<ay f r\'« iho Af.ir NproaUinK ci*ntor. Tho conorat 
CO«>IO|tic sottlnc of thi» area l» i'haractorltoU bv Im* Major tovtonic 
blocka. Vho intorfaco botwoon fho two block« la |uratloJ by a major foKl 
bolt, alichtly ooncavo to tho aoiithwoat . Itio atructuroa in this aroa could 
be Intorprotoil »% roaultlng ft\'m tho northward «wno«ont and aubductlon 
of tho Arabian plato. In addition, a major »triko-»lip fault that wa» 
Idontifiod in tho photocrapha pn'bably corro»|H*nda t^ tho Anatolian tranaform 
fault and auctioata that plato mi>vomont may bo continuin.: at tho proaont tlmo. 

A muabor of c«<'*.'itK <*'*d handhold*camora photoitrapha woro takon ovor 
tho Ko»tom I'onort of I'livpt. An invoat iK«it ion of llno.imont!i diaplayo^l in 
tho*io photocr.iph« provided inform.it ion on tho »tructuial aottinc of tho aroa. 
Tho ASIT findinca wore auppU'montod bv collatoral data such as laiuUat im.ico». 
aorial phot ocraphs, topocraphlc and i*’* «aps, and field obsorvat ions. 

All Intorostinc asido to tho Icvi'f iiivost ijiat ions was tho application 
.11 M classification systiws to doscrlbo tho photol iiioamonts dot v.od in tho 
ASTI’ photO|traphs. 1. iiioamonts aro largo^scalo str.iicht or contly ciirvod 
foatiiros on tho Tarfh's siirfaco that aro often tho surface expressions of 
faults or tractur.*s. Thotol tnoaisonrs woro subdivided and cl.issit iod bv 
lonjjth into mocal inoamont s ('100 km1 , linoaisonts (100 Vm to 10 km), 

Bucrol Inoament s (10 km to J km), br ichvl laoaments (,’ km or loss), and 
mlcrxi I iiioamonts (boU'w tho limit of tlio rosolut ion of tho unaided eve). 

Tho northward nk'vemeiit of the African crustal plato has boon used to 
explain tho format ion of tho Sierra \ovadas in southern Spau»> These 
■kiiuitaiiis aro related tectonically to tho Kiff Atlas in kk'ixvco and 
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represent the westemiii«>5t element of the Alpine orogenlc belt. Kxcellent 
near-vertical ASTP photoxr.nphs of southern Spain were used to identify 
and map lineaments and fold patterns. Analyses of these patterns revealed 
that they could he the result of cu<npresslonal and tenslonal stresses. 
According to this model, a major compresslonal stress environment, generated 
by counterclockwise rotation of the Iberian Peninsula together with northward 
movement of the African plate, resulted in slowly closing jaws. I.atcr 
relaxation of the stress field or a change in the direction of plate movement 
resulted in a tensionai environment. 

ASTP color photographs of the North Plinders Ranges la South Australia 
were analyzed to determine the characteristics of regional fold structures 
and to identify major ^olds, faults and other lineaments. A good correlation 
between iltc photogeologic intei*pretal ions and the geology on previously 
published geologic maps was found. Although remote, this area had already 
been extensively roappe.l by Australian geologists. However, if tliey 
had been available earlier, the AS’lP photographs would have been a powerful 
tool for stratigraphic work, geologic mapping, and the interpretation of 
the large and comjilex structures of the region. 

Hie Apollo crewmembers, while searching for circular ground features, 
observed aiul photographed astroblemes in Hra.:il (including one that had not 
been previously known) and I.ibya, and volcaimes in Italy, the oalapagos 
islands, arul Mexico. * 

Terrestrial impact craters r<^sulting from meteorite collisions are now 
known to have been more numerous than previously believed. These include 
relatively recent impact craters ((^.g.. Meteor Crater in Ari^ma) and ancient 
im])act scars, astroblemes (e.g., the .Sudbury structure in Canada). During 
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ASn*, n »t»uly w.iH m.ul»* of ii<tt roM omr>i lo our kitoMlodKo of Iho 

liilri.ict loo of tiu* l urth aoil motoorltp l*o*llo'» ao»l to loriit» orw nrron 
l't»r ihtnulMp ooooowU’ oxplor.it loo. Tlio moxt HlxolfUMOt roxiilt t hr 

ill'xcovory of o now ant roMomo lo Hratll. N.imo*l the Klachati Klo)t at»or 
tho oraro<*t city, tho foaturo wa% IovIhIMo oo alrboro* railar .uul iuar« 
lofrarpil natolllto lm.i){o%. Mowovor, tho circular xtructuro, wolch lx 4 km 
lo tllamoi or, wax oaxlly rocoxollod aotl phot miraphoil hv tho orhltloK 
ast roo.iuls. 

Ilio ASI1* axtroo.iutx also ohtalootl rxcolloot plu>tO){r.iphx of volcaolc 
xtrux'tiirox aiul ohsorvotl ao oruptloo of kkmot Itoa, lo Mexico, a foaturo 
that ha»l l*ooo provlouxly Itiootlfloil ax a poxxlMo motoorlto- lim*act xlto 
wix fouoil to ho a rhyolitic axh rlon formo»l by a v.ilcaolc xtoam oxploxloo. 

Oosort Stiullox 

riiot 0)ir.iphx takoo I rom larth orbit provl*lo a vorv practical moaos 
ol xtuilvlo)( romoto, loaccoxs Ibl o, aoil uiu»xplorotl *loxort rosloox, Uoc.iuxo 
of tholi uroat .iroal covorajso, tlio*o photonraphx aro ospocl.illy helpful lo 
•^"I'plojj ronUoial pattorox »»f xao»l illxt rlbut loo, lo xtiulvloji larno-sc.ilo 
iluoo nu»rplu»l o^v , ao»l lo ilotormlolon tiu’ illroctl«*o of xaoil tm»vomoot ao.l tho 
loc.itioo ol area. >»horo miy.riflO); ,lun<' . pct'-o'nl a throat to cuirivatoil laoil. 
lo atUlltioo, tho oatural ct»lor of orbital phot »u*.rat*hs facilltatos tho 

.h'toct loo of sul»tlo color variati.uis, which tool. I proviilo i o I tMimit ioo on f Ipv 

« 

chemical makeup aiul rol.it Ivo .i>:o of tiosorl s.iiols. for those roasoox, ilosort 
stiulioH wore .01 important pact ot tho larth Obsorvat loos aiul I'hot oj{ raphv 
I xporlineot , aiul excel loot ilata were obtaloeil of «lesert re^tloox lo Aiixtr.illa, 
I'Hvpt , Arp.eat loa, Ao>:ola, .Aiul Arabia. 
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ASH* m.ippht|t pluitiiKi'.iplin of Iomk 1 1 lultiKi I thmoH in tl«r Slrfoloiii 

l'rM*n of AiiHtmllrt rr\i*rti nn im*vo.i'*«« in roil i*ol**r a<« Ihi* 

ilownwliul friwii ih«* nouivr ol sdinl im'ro.i'«i*'», r.o«l*li*n*»»l H.inil<«, iliir l»* 

tron>oklil<* ln|{<» on imllvitinni )trrtin<i| lu'cur in ihi»Mmh**ni 

tho worlilt rtiul t ho ilojjroi* oi nnUoninn in Hnn«U of iinii»*ini iitiilitv oul 

monrcr imiy l*r U'*i«*i to <1«»i orwino sinpioiuTH *»f *lopo**il ion.»l i*\«*nt«. 

In I KV|'* . ASTI* m.ippinit ninl h.r**ll»i*l*l« 0 (nm*rrt phot o^jr.iph-* Hht*wo»i 

I't'ltlon.il .nul loc.il color lonc”* tli.il w»mo l.itor chrckotl tn thi» li«*l%l l*v 

rt toiin or* >;oolojtiHt h from tho SmUhnoninn In^t 1 1 iit li»n .«n*l Ain Shnmn lini voi h i | v • 

Ortir**, l|i'p* **''•’ pl>oto)trrtph c»*»orin)t tho ilonort in^t wont i»f tho Nilo 

l*oltrt, throo Jintlnct c«*lor ronoH woro itlont i f io«l, Ihono woro corrolutotl 

tn tho ftolil Kith iloHort p.ivomont , rolat ivoly .utivo "tan.l with iparto voKot at ton , 

iitnl arnhlo ^otl componi'»| ol ipitiil. •«.in>l, » la\ .tn»l c.ilciow ».iih«>n.ito 

pnrtti'lo^, l1«o i«lont i f ic.it li*n ol an arahio *ono wool ot tho c«illlvaloil Nllo 

IVIIa attooi?* to tho valiio ol iho ASTI* »olor pliol o^i .ipho in »looril •.ln»lloo, 

A Htu>ly wao also ma«lo ol >an.l tlioi r ilnit ion in Iho hootorn IVoort to 

piMViilo a tIoHcript i VO h.ioio lor liitiiro *looort olii.Hoo in Ihio aioa, Iho 

I roiulo of *hinoH in llio Kootorn Oooort >;onor.illv voor In a clo»Kwiso »lirocilon 

arotiml a o.Mitor no.ir Knfra Oaslo In l.ihi a, Ihino orlont .if l»>no « h.inuo 1 1 .*m 

not'fh nort hwoof » rl V in iho norlh.’iii >loooi t t»* noith n«M I ho.i «l oil i in I r.o ooMlh. 

'Iho ASri* photour ipho rovoalo.l a >11**1 In* I p.itforn **l s in*l >lo|H*o|ti**n an. I *1 aio 

» 

l.'iTUI l**n that \«i . > l>*oo|\ r(*lalo*l I >> l**po>!taphv .in*l pvoiailtn)t wiiul p.ittorn** * 
Iho ASH* 'lata *»n Ik'I’* '*oio .iIn*» ii**»**l I** oliulv Iho I o.is tl< 1 1 1 1 \ **l * *>iiip.M' lii)t 
*»rl«ital plu»l *<);i iph** l.ikon in .IHl‘oi«*nl \ *’.ii *♦ in ouloi l*» *lolocl l»*mp>«ral 
chanm’o, ASH* ph*»t*»nraph** **f ih*’ Nil'** Polla an*l Iho Owolnal ^k<l'allaln io)*lt*n 
woio c**mp.iro*l I** llomlni an*! Ap**l I** ph*’l **nr,iph*« *»l iho s.imo aroa*i. Ko**l *»t 
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the Nile Delta, nn Increase in vegetation of approximately 1108 km‘ in 
ten years was identified. Near Oweinat Mountain at the borders between 
ligypt, Libya and Sudan, it was found that sand patterns had shifted 2.5 km 
over a 6 your period. 

In Argentina, ASTP photographs ov the Monte Desert in southeastern 
San Juan Province revealed two unusual and little-known dune fields. 'ITiese 
fields display complex dune patterns that are controlled by a number of factors 
including rainfall, the imderlying and surrounding topography, the wind 
regime and the amount of sediment available. 

Photographs of semiarid southeastern Angola revealed landforms that 
provide evidence of climatic change. Suspected karst features imply more 
humid conditions; whereas ancient eroded sand dunes indicate a more arid 
climate. Also, the ASTP photographs of Arabia showed reddened dunes oriented 
along the prevailing wind directions. Tliese photographs were also used to 
distinguish the exposed rock surfaces on the basis of color and texture. 

Oceanography 

The ASTP astronauts collected a plethora of photup.raphic and 
observational data In support of studies of the world's oceans. Orbital 
photvigraphs luive proved valuable in documenting large-scale ocean features 
and circulation patterns. Many of these features, such as ocean currents, 
are inipt)rtaut to the .shipniag and fishing industries. Other features, such 
as large-scale cold water oddics, ard important because they act as mechanisms 
oi energy dispensation, in some cases as productive fisheries, and as hiding 
places for submarines because of their effect on sound waves, ^folor variations 
in ocean waters arc also signi 'leant because accurate measurements of water 
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color can help l*lcnill‘y tlt»l Inct ocean currents, eiKIlrs, a;«»l areas of 
Molo)ilcal proiluct Ivltv. 

The ASri‘ crewwemhers obtained a noirber of excellent photOjiraphs over 
the w\»rlil's oceans. IMwever, the usefulness of s»»me of these photographs 
was curtailed bv the lack of Information on their exact ge»*graphlc tH»sltions. 
Hierefore, In order to Increase the scientific usefulness of these photographs, 
an effort was matle to ip'.ant Itat Ively define their locations. The metho*ls 
used were based on photogrammet ry , on a knowledge of the groundt racks of 
the spacecraft and the times during which the photographs were taken, and 
on a comparison with weather satellite Imagery. 

Visual observat ions were especially Important In locating, lilent I fy Ing, 
describing and photographing nuiny ocean features, largely because manv 
of these features are only visible under specific \iewing condit unis. I'it 
example, siinglint Is especl.illy helpful in studying water surface texture 
and In Identifying Intental waves. On the other hand, high .‘fun angles are 
useful In emphasiting subtle w.iter color v.irlat Ions that cinild mark current 
boundaries aiu* upwelllng are.is. 

Perhaps the nu'st significant ocean observat Ion was the recognition 

of the surface m.inifest.it Unis of Infernal waves off the coast of fhall.ind 

and the Str.iit of lUbral t.ir. Intern.il waves .ire little uiulerstood ocean 

features similar to surl.ici* waves but or.lers of m.ignitude l.irger. Thev 

occur within the I'ce.in .it t I'lnperature v*r dvMisiti ilisv out iniiit les between 
* • 

water l.iyers. Seen in sunglint, the scum lines often associate*! with intenial 
waves f.icilitate tlieir I'bsei c.il i*ni from sp.ice. Hec.iuse ol'servat ion periiwls 
are brief, during ASfl', many ocean* feal ares were not visible, »n sunglint 
for nKM-e than S to 10 seconds, 'fills emphasizes the Importance of having trained 
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observers who can rapidly reco)(nizc and photonraph such tarnets of 
opportun i ty. 

Photographs of the Sun's reflection also provided information 
on the texture of the sea's surface. For ex.implc. a series of mapping 
photographs taken between Tunisia and Sicily included areas of sunglint. 

These areas revealed ocean surface phenomena related to turbulence, including 
possible internal waves. Photographs of the eastern Hulf of Mexico also 
documented patterns in the sunglint, which were interpreted as indicators 
of the cyclonic shear zone of the Gulf Loop Current. 

ASTP ocean photographs also revealed a wide variation in water color, 

'■'hich could be a fiuiction of Sun angle, water surface roughness, suspended 
sediments, water depth, and biological productivity. For example, around 
Cape Cod the natural color of the A.STP photographs allowed the recognition 
of light blue-green areas m:irking shoals and suspended sediments. 

In South America, photographs and observations of the Orinoco River 
Delta showed discrete water-color zones that reflect the mixing of the 
sediment laden Orinoco outflow with the water of the tropical Atlantic. 

The ASTI’ crewmembers though they could observe turbid water associated 
with the Orinoco outflow extending past the island of Barbados. To support 
tliese observations, tiu* Bel lairs Research I nst i t ute, McGi 1 1 University, 
sponsored three cruises from Barbailt»s in .Uily Measurements and observations 

were tn.»de of sea state, water color, water ti*mperature, salinity, chlorophyH 
content, cloud cover, and wind speed and direction. Analysis of these data 
suggested that the turbid waters observed by the crewmembers were actually 
related to successive passage of pools of brackish Amazon Ui>er water. 
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invent ion« on ASIT incliuloil obnorv.it ions and 
photoxr.iphn of mijor river deltan, of nnow cover pattenm in the (*a»c.iden, 
and of Stnith American river imirpholony . 

Hanically, river del tan are t riaiixu I a reshaped alluvial deponits formed 
at the moiithn of rivern. In the kihiIokIc record, ancient deltaic sediments 
are often a site of n.itural accumulation, and an understanding 

of the growth of deltas mi>jht have applications in the future development 
of these resources. 

One sigitif iv'iint result of the ASTI* «lata an.ilysis was the detection of 
a probable ancestral delta of the Nile I’.iver. ASTI* photographs of 
northern I'gypt revealed an extensive dark-colored .ind finely textured .'one 
partially overlapped by the present Nile Oelta. I'xt rapol.it ion of the 
identified rone beyond the ASIT photo coverage using a false color l..uidsat 
mosaic indicated that this rone forms part of a delta-like pattern and is 
most probably the l.ite I'oceiie to early Miocene ancestral delta of the Nile 
River. 

/\STI* photographs of the fraser, Rhone, Orinoco, Yangtre, and P.snube 
river deltas were also examined. These photogr.iphs reve.tl .listinctive 
suspended sediment p.it terns that c.in be rel.ited it* imidels of setllmentaf ion 
in a licit. lie environment. The stiidv of tliesc sedimiMit plumes pn*vided 
information on tlie short-term processes th.it domin.ite deltaic sediment at li*n 
such as river Inertia, buoyancy of suspended material, and frictional 
turbulence. 

A.STI* photographs t.ikeii over the Aimuoii and Par.iguay river l*asins showed 
a remarkable v.iriation in the sizes .iiul morpholt*gi es of various rivers, t'li.innel 


widths, meander wavelengths, and other variables were measured from the 
photographs and were used to evaluate various empirical formulae for 
estimating the hydrologic properties of these rivers. This study revealed 
that these formulae, derived from studies of humid-temperate and semiarid 
streams, cannot explain the regime behavior of these complex tropical rivers. 

The ASTP mission provided an excellent opportunity to observe and 
photograph snow cover on the Cascades and Olympic Mountains in Washington 
State. Accurate mapping of snow cover is inqportant in predicting the volume 
of water reaching drainage systems for use in irrigation and the control of 
floods. Analysis of the ASTP data revealed that the most accurate snowline 
determinations were made using photographs taken with the 250-mm lens. It 
was found that the availability of color, stereo photographs greatly 
facilitated interpretations of snow pack distribution, particularly with 
regard to delineating the very irregular snowline that is characteristic 
of the siumner season. 

Meteorology 

The ASTP crewmembers were able to observe and photograph a number 
of interesting cloud patterns. Of special interest were photographs of 
ring clouds in the i’acific Ocean. Similar circular cloud patterns have 
previously been defined as atmospheric manifestations of cold-core eddies 

■U f* 

in the ocean. However, this study found that the features are associated with 
decaying maritime thunderstonns and are only atmospheric in nature. 
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CONCUISIONS 

Th«* l!arth Observations aiul I’hutottraphy Experiment on ASIT proved 
beyond doubt the value of human observers in stiulylnK the Earth from 
orbit. '11118 value is not only in verbal descriptions of observetl features 
and phenomena, but in documentary photo^r.-iphy . However, the validity of 
the observation relies heavily on how well trained and well-prepared the 
observer is. 

An obvious feature of the research reports presented in this volume 
is the variety of the data used. ASTI* photO|(r.'iphs from 70 -mm and .TS-mm 
cameras were used in coiijiuict ion with transcripts ot realtime verbal 
description;* and post-mission debriefings. Also used were photographs from 
past manned missions such as (iemini, Apollo and .Skylabi in ntidition to images 
from bandsat and weather satellites. Data from topographic imips, 
geologic maps, and l>athymet ric charts were integrated in the re|H>rts. Also, 
information gathered from mission-concurrent investigations such as aircraft 
photographic flights and oceanic vessel traverses was used, bast, but not 
least, are the data gathered during post-mission field trips that in several 
cases strengthened the photointerpretations. This variety of data helped 
estal>lish the utility of space-ln>ni information in the varii'iis fiel is of 
study. 

Ihe variety of data is also accompanied by a variety in the style of 

« ' 

% 

scientific research. Because of the interdisc ipl in.iry nature of the experiment 
team and the data analysis program, im>st of the papers reflect the personal 

t 

style of the research conducted. ITterefore, some reports are largely 

* .• 

descriptive, others are interpretive; and some are model -dependent . This 
variety attests to the great variations in our knowledge of the Earth and 


thr many wayii and «»ans that ncientints attoMpt to answer questions 
about its features and phenosienn. 

Rased on the results of perfonsinit the liarth Observations and Photography 
Experisient on ASTP. it is highly recoiwsended that similar activities be 
conducted on future miinned space missions. Details of specific recosMoendations 
for the future are given in various sections of this report. Ikiwever, it is 
clear that both visiuil observationaand dociasentary color photographs are the 
most effective means of utilizing the special capabilities of trained luuaan 
observers in Karth orbit. 
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